The sea squirt, Halocynthia roretzi, has experienced mass mortality due to softness syndrome. The identification of disease-induced genes can provide insights into the development of this syndrome. To identify the genes, we performed differentially expressed gene (DEG) analysis. The expression of the phosphoglycerate kinase (HrPGK) gene was significantly decreased in diseased sea squirts compared to normal ones. We confirmed the result of the DEG analysis through RT-PCR and real-time PCR. In addition, we detected single nucleotide polymorphisms at position -106 (A/T) and -254 (G/T) in the HrPGK gene promoter by genotyping analysis. At the -106 site of the HrPGK gene, the frequency of the AA allele in disease-resistant sea squirts was about two-fold higher than that of sensitive ones, and the frequency of the TT allele in the disease-resistant sea squirts was about six-fold lower. At the -254 site of the HrPGK gene, the frequency of the GT and the GG allele was approximately two-fold higher and two-fold lower, respectively, in the disease-resistant sea squirts compared to the disease-sensitive ones. Analysis of the relationship between the genotypic variation at the -106/-254 promoter and the expression of HrPGK mRNA showed that HrPGK mRNA expression was higher in the -106/-254 AA/GT genotype samples than in the -106/254 TT/GG genotype ones. These results show that sea squirts harboring the AA/GT genotype may have more resistance to mortality than the sea squirts with other genotypes.
Introduction
The sea squirt, Halocynthia roretzi, cultured commercially in eastern Asia countries has shown mass mortality during the last 20 years. Because the tunics of the diseased ascidians are always thinner and softer than those of healthy individuals, the soft tunic is the most remarkable clinical sign of the disease. Although there is debate regarding the disease-causing agent, it has not yet been identified [1, 4] . The tunic is a leathery or gelatinous matrix that entirely covers the epidermis of ascidians. This tissue is unique in metazoans; the main component of the matrix is cellulose and free cells (called tunic cells) are distributed in the tunic matrix (i.e. outside the epidermis). The tunic is harder when the tunic fibres are more densely packed. As the tunic is the outermost barrier between the internal body and the exterior environment, a decline in tunic function would be lethal for the animals. The most remarkable difference between intact and diseased tunics is the bundles of tunic fibres composing the tunic matrix. The tunic fibres consist of cellulose fibrils linked with polysaccharides and proteins.
The thick bundles interlace to form a firm matrix in intact tunics, whereas the tunic fibres do not form thick bundles in soft tunics. This would directly cause the difference in tunic hardness between intact and diseased tunics. In serious cases the tunic tears, and as a consequence the ascidian dies.
Although researchers have proposed several possible syndrome-inducing factors including environmental pollutants, heavy metal ions, microbial or parasite infection, and abnormal temperature changes, the causes remain poorly understood. Disease development causes change in intracellular or intercellular, tissue, organ, subsequently organism level. The environmental change regulates protein expression and deregulated protein can aggravate the disease.
The identification of disease-specific genes would provide insights into understanding the softness syndrome development. To identify the molecular basis of the disease-causing proteins, it would be of interest to identify and perform detailed characterization of differentially expressed genes (DEG).
As revealed by DEG analysis from previous study [3] , the expression of some genes was reduced, whereas the expression of other genes was increased during the progression of softness syndrome. Among differentially expressed genes, we selected a gene for phosphoglycerate kinase (HrPGK) as a candidate of softness syndrome, and obtained a full-length cDNA sequence of the HrPGK through 
Real-time PCR
The assay for HrPGK in normal and diseased sea squirts was conducted using a Light Cycler system with SYBR Green I (Roche Diagnostics). Serial diluted samples containing 2×10 -3 -2×10 -6 ng of a cloned fragment of HrPGK were used to quantify the absolute expression level of PGK in normal and diseased sea squirts. The PGK level was normalized relative to the β-actin mRNA level. The remaining process was described previously [3] .
Genomic walking
Promoter region of HrPGK was obtained using 
Sequence analysis
The predicting of transcription factor binding sites in PGK promoter sequences were analyzed in Transcription Element Search System (TESS, http://www.cbil.upenn.edu/cgi-bin/ tess/tess) web site.
Single nucleotide polymorphisms (SNPs) analysis and Statistical Analysis
Using normal sea squirts (96 samples), PCR was conducted using specific primers (Forward: 5'-GTG GTA ACT CAT CGG AAT CTG T-3', Reverse: 5'-AAC GAC ATA GCG AGA GTA TCA CCC-3'). After obtaining the 380-bp PCR product, direct sequencing was conducted using the reverse primer. Using SeqMan NGen Ver 1.1 program, analysis of PGK promoter SNPs was performed with the sequences. In addition, 20 disease-resistive and 43 sensitive sea squirts, which were collected in April 2008, within a population were analyzed to identify genotype frequency at SNP sites. 
Results
Differentially expressed genes in a sea squirt with softness syndrome
In order to identify genes that are specifically or predominantly expressed in the tissues of diseased sea squirts, we compared the total different mRNA expression profiles of the normal and diseased sea squirts through DEG analysis in previous study [2] . In human, PGK deficiency affects glycogen synthesis [11] and is involved in muscle disease, which may be associated with chronic hemolysis [6, 10] .
Because the muscle disease is the main symptoms in the dis- (Fig. 2) . Then, we carried out genotyping of disease-sensitive and -resistive sea squirts and compared polymorphism frequency between them. At -106 site of the HrPGK, while the AA allele frequency of disease-resistive sea squirts was higher about two folds than that of disease-sensitive ones, the TT allele frequency of those was lower about 6 folds. The AT allele frequency showed a similar value between them (Table 1) . At -254 site of the HrPGK, the GT and GG allele frequency was higher and lower about 2 fold in disease-resistive sea squirts than in disease-sensitive ones, respectively. The frequencies in disease-sensitive sea squirts showed the opposite trend com- mortality resistance in an aquaculture environment.
Discussion
The identification of disease-specific genes would provide us with great insights into the mechanisms underlying disease development. Through DEGs analysis, MMP, Ferritin, Endophilin-B1, and etc. were up-regulated in the disease-sensitive sea squirts, but PGK, phosphoenolpyruvate carboxykinase, and etc. were down-regulated (Supplement Table 1 ). Over-expressed MMP might influence the extracellular environment by resolving the extracellular matrix. PGK deficiency affects glycogen synthesis [11] and is involved in muscle disease [6, 10] . Many studies have reported correlation between human disease and metabolic genes [7] [8] [9] . Thus, because glycogen is the principal ingredient of sea squirt muscle, the inhibition of glycogen synthesis may induce softness syndrome in the sea squirt. The hypomorphic HrPGK may contribute to the development of softness syndrome in the sea squirt by inhibiting the synthesis of tunicine, typical animal cellulose that comprises the sea squirt's tunic and by weakening the muscle. Therefore, reduced HrPGK levels in the sea squirt may result in a deficiency in major components for the functional and structural intensity of the muscle and tunic.
We do still not know precisely how the disease occurs In general, transcription of genes was regulated by transcription factors, which bind to their cognate-recognizing DNA elements within the promoter region. AP-1 that may bind PGK promoter -106 site is a transcriptional factor comprising members of the Fos family (c-Fos, FosB, Fra-1, and Fra-2) and the Jun family (c-Jun, JunB, and JunD) [12] . The transcription factors c-Fos and c-Jun are known to be involved in cellular proliferation and transformation [13] , and are activated by high levels of NaCl [5, 14] . By performing luciferase assay using HrPGK promoters with other genotypes, correlation between gene expression and promoter genotype variants of HrPGK will be known.
A final objective of our study was to assess the possibility of selective breeding of sea squirts with resistance against the disease. These results will be of great importance in the selection of disease-resistive sea squirts. In service of this goal, we have attempted to apply this genotypic difference Supplement * GenBank dbEST accession number # Normal, it is over-expressed in normal organism; Abnormal, it is over-expressed in dying organism at aquaculture facilities. First, we selected the possible disease-resistive seedlings using the SNP pattern described in this study. We then transplanted several genotype seedlings in aquaculture applications in several different environments.
After determining the survival and mortality results for the sea squirts, we will analyze and select the resistive sea squirts, subsequently providing seedlings from the resistive ones for the breeders to use in sea squirt aquaculture.
